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(54) Braking force control apparatus 

(57) A bra<mg force control apparatus is provided 
that con-rols the motor displacement to obtain a braking 
foxc that corresponds to the pedal depressing force. 
The bra<mg force control apparatus detects the initial 
contact point between the pads (1) and the rotor (2), 
which changes due to wear and heat deformation. The 
braking lorcc control apparatus also adjusts a motor dis- 
placement command to enable an accurate braking 



force control. The braking force control apparatus de- 
tects the initial contacting point by detecting the electri- 
cal current value of the motor (3). When the motor (3) is 
driven at a constant speed to contact the pads (1) 
against the rotor (2), the electrical current value is sta- 
ble. Thus, the initial contacting point is detected by using 
the motor displacement at the time when the electrical 
current value increases and becomes equal to or great- 
er than the initial threshold value. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention generally relates to a 
control apparatus for a braking system. More specifical- 
ly, the present invention relates a braking force control 
apparatus that generates a braking force by pushing 
and separating a brake pad toward and apart from a 
brake rotor through a driving device. 

2. Background Information 

[0002] In a control apparatus for a braking system, a 
driving state of a motor is controlled by detecting a de- 
pressing force exerted on a brake pedal by a driver, such 
that the braking force that corresponds to the depress- 
ing force is generated. One of the methods of estimating 
the braking force is disclosed in the SAE 1 990-01-0482. 
This braking force estimation method utilizes the rigidity 
of the caliper that supports pads. The braking force is 
estimated based on the amount of displacement of the 
motor from a point where the rotor and the pads initiated 
a contact. More specifically, since there is a certain re- 
lationship between the amount of displacement of the 
motor and the braking force determined by the caliper 
rigidity once the pads and the rotor start contacting, the 
braking force can be controlled by controlling the 
amount of motor displacement. However, the amount of 
motor displacement includes a portion that eliminates 
the clearance between the pads and the rotor. In other 
words, the amount of motor displacement includes the 
portion in which the motor moves in the pressuring di- 
rection until the pads and the rotor contact each other, 
and a portion in which the motor moves after the pads 
and the rotor start contacting. The aforementioned rela- 
tionship between the braking force and the amount of 
motor displacement determined by the caliper rigidity 
exists only in the latter portion: Therefore, in order to 
obtain from the total amount of motor displacement, the 
amount of motor displacement occurring after the pads 
start contacting the rotor, it is necessary to eliminate pre- 
cisely the portion in which the motor starts moving In the 
pushing direction until the pads start contacting the ro- 
tor. Therefore, it is necessary to detect the precise point 
at which the pads and the rotor start contacting. 
[0003] One of the control apparatuses that control the 
braking force by detecting the position at which the pads 
and the rotor start contacting is disclosed in Japanese 
Laid-Open Patent Application H9-1 37841 . In this control 
apparatus, an axial force sensor is attached to a piston 
that pushes and separates the pads toward and apart 
from each other. While the piston is moving in a direction 
that separates the pads apart from each other (i.e., the 
braking force is released), the initial contacting point of 
the pads and the rotor is determined as the point at 



which the axial force detected by the axial force sensor 
is zero. 

[0004] In view of the above, there exists a need for a 
control apparatus which overcomes the above men- 
5 tioned problems in the prior art. This invention address- 
es this need in the prior art as well as other needs, which 
will become apparent to those skilled in the art from this 
disclosure. 

10 SUMMARY OF THE INVENTION 

[0005] It has been discovered that the preciseness of 
the axial force sensor disclosed in Japanese Laid-Open 
Patent Application H9-1 37841 would tends to be corn- 
's promised under actual operating conditions. In particu- 
lar, the preciseness of the detection of the axial force by 
the axial force sensor tends to be compromised be- 
cause a change in property due to temperature changes 
and noise or degradation from vibration. 
20 [0006] The present invention has been conceived in 
view of the aforementioned problems. More specifically, 
an object of the invention is to provide a control appa- 
ratus that can control braking force accurately by accu- 
rately detecting an initial contacting point of the pads 
25 (the brake friction body) and the rotor (the brake rota- 
tional body) without using an axial force sensor. 
[0007] In order to achieve the aforementioned object, 
a braking force control apparatus is provided that in- 
cludes a driving device, an operational status detector, 
30 an initial contact position detector and a brake control 
unit. The driving device is operatively configured to 
move a brake pad towards and away from a brake rotor. 
The operational status detector is arranged to detect an 
operational status of the driving device. The initial con- 
35 tact position detector is arranged to detect an initial con- 
tacting point between the brake pad and the brake rotor 
based on the operational status of the driving device de- 
tected by the operational status detector, when the driv- 
ing device moves the brake pad toward the brake rotor. 
40 The brake control unit is operatively coupled to the driv- 
ing device and the operational status detector to control 
the driving device. The brake control unit includes a 
brake command value setting portion that is configured 
to set a brake command value to control the driving de- 
45 vice based on a pedal operation amount. The brake con- 
trol unit further includes an adjustment portion config- 
ured to subsequently adjust the brake command value 
based on the initial contacting point between the brake 
pad and the brake rotor detected by the initial contact 
50 position detector. 

[0008] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
parent to those skilled in the art from the following de- 
tailed description, which, taken in conjunction with the 
55 annexed drawings, discloses a preferred embodiment 
of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Referring now to the attached drawings which 
form a part of this original disclosure: 

Figure 1 is a schematic structural view of a braking 
force control apparatus in accordance with one em- 
bodiment of the present invention; 
Figure 2 is a flowchart of a calculation process per- 
formed within a control unit of the braking force con- 
trol apparatus shown in Figure 1 ; 
Figure 3 is a control map showing the relationship 
between the pedal depressing force and the motor 
displacement command value, which is the brake 
command value; 

Figure 4 is a graph showing the measurements of 
the motor electrical current value and the motor dis- 
placement; 

Figure 5 is a timing graph showing of the time-series 
change in the motor electrical current value and the 
motor displacement; 

Figure 6 is a timing graph showing of the time-series 
change in the time differential value of the motor 
electrical current value; 

Figure 7 is a graph schematically showing the rela- 
tionship between the motor electrical current value 
and the motor displacement; 
Figure 8 is a timing graph showing of the time-series 
change in the value obtained by dividing the time 
differential value of the motor electrical current val- 
ue with the time differential value of the motor dis- 
placement; 

Figure 9 is a timing graph showing of the time-series 
change in the motor displacement in the N th drive 
control operation and the N+1 th drive control oper- 
ation; and 

Figure 1 0 is a timing graph showing of the time-se- 
ries change in the value obtained by dividing the 
time differential value of the motor electrical current 
value with the time differential value of the motor 
displacement. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Selected embodiments of the present inven- 
tion will now be explained with reference to the draw- 
ings. It will be apparent to those skilled in the art from 
this disclosure that the following description of the em- 
bodiments of the present invention is provided for illus- 
tration only, and not for the purpose of limiting the inven- 
tion as defined by the appended claims and their equiv- 
alents. 

[0011] Referring initially to Figure 1 , a braking force 
control apparatus is diagrammatically illustrated with a 
disc brake assembly to explain a first embodiment of the 
present invention. The disc brake assembly basically in- 
cludes a pair of brake pads 1 and a rotor 2 located be- 



tween the pads 1. The pads 1 form the brake friction 
body, while the rotor 2 forms the brake rotational body. 
The rotor 2 rotates with wheels of a vehicle that is not 
shown in the Figures. On the other hand, the two pads 

5 1 are disposed within a caliper 11 with the rotor 2 located 
between the pads 1 so that the opposed pressure sur- 
faces 2a face the corresponding friction surfaces of the 
pads 1 . A vehicle body side that is not shown in the Fig- 
ure supports the caliper 11 in a conventional manner. 

io The pad 1 located on the left-hand side is fixed within 
the caliper 1 1 , while a piston 1 2 is coupled to the pad 1 
located on the right-hand side. A female threaded bore 
is formed on the piston 12. A male threaded screw 14 
is threadedly coupled to this female threaded bore of the 

15 piston 12. The male threaded screw 14 is attached to a 
rotational axis of the motor 3. Therefore, as the motor 3 
is rotated in either the clockwise direction orthe counter- 
clockwise direction, the piston 12 moves back and forth 
in the axial direction due to the thrust force of the 

20 threads. Therefore, the pad 1 on the right-hand side of 
Figure 1 moves close to and apart from the pressure 
surface 2a of the rotor 2. The caliper 11 is supported by 
the vehicle body side to be movable in the left to right 
direction as seen in Figure 1. Therefore, as the pad 1 

25 on the right-hand side of Figure 1 contacts the rotor 2, 
and thereby is pushed, the caliper 11 moves toward the 
upper right-hand side as seen in Figure 1 . Accordingly, 
the pad 1 on the left-hand side also contacts the rotor 2 
and thereby is pushed. Conversely, when the pushing 

30 force to the right-hand side, the pad 1 is released. Thus, 
the pushing force to the left-hand side the pad 1 is also 
released. As the right-hand side the pad 1 separates 
apart from the rotor 2, the left the pad 1 also separates 
apart from the rotor 2. A seal 1 3 is provided in between 

35 the piston 12 and the caliper 11. As the pads 1 are 
pressed against the rotor 2 to generate a braking force, 
the pads 1 and the rotor 2 begin to wear. However, in 
general, the pads 1 wear more than the rotor 2. 
[0012] The motor 3 is driven by a drive control signal 

40 from a control unit 4, which controls the rotational direc- 
tion, speed, and driving force of the motor 3. The control 
unit 4 functions as brake controlling device. Adjusting 
the electrical current value of a drive control signal gen- 
erally controls the rotational direction, speed, and driv- 

^5 jng force of the motor 3. In this embodiment, an electrical 
current value I of a drive control signal to the motor 3 is 
detected by an electrical current value sensor 5, and 
feed-backed to the control unit 4. Also, a displacement 
sensor 1 0 that detects the displacement of the piston 12 

so from the rotational amount of the motor 3 is provided in 
the motor 3. The control unit 4 inputs an output signal 
from this the displacement sensor 1 0 as a displacement 
X of the motor 3. The motor displacement X takes a pos- 
itive value when the piston 1 2 and the pads 1 move clos- 
es er to and push the rotor 2. The displacement sensors 
are conventional components that are well known in the 
art. Since displacement sensors are well known in the 
art, the displacement sensor 1 0 will not be discussed or 
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illuslrated in detail herein. Therefore, the displacement 
sensor 10 should include any structure that can be uti- 
lized lo carry out the function of the displacement sensor 
10 of the present invention. 

[001 3 J In this motor control apparatus, the brake ped- 5 
al 6 and the piston 12 are not connected by a conven- 
tion pressure distribution pipe. In this embodiment the 
brake pedal 6 is nothing more than an input source from 
wheh the depression stroke of the pedal 6 and its de- 
pressing force are to be detected. In other words, aped- 10 
a! operation amount by a driver and a vehicle behavior 
r*rc ccicctcd and inputted to the control unit 4 as the 
pcdni depressing force F and the pedal stroke S. The 
br*Ko pedni 6 is provided with a conventional brake 
switch 7 H depressing force sensor 8, and a stroke sen- *5 
scr m I no outputs from the brake pedal 6, the brake 
switcn 7 the depressing force sensor 8, and the stroke 
sensor c. are inputted into the control unit 4. Additionally, 
Ihe pedni s:roke S detected by the stroke sensor 9 and 
ih-j pcdni Uept e&bing force F detected by the depressing 20 
fo-cc sensor 8 take positive value in the direction of de- 
pressing the brrtkc pedal 6. The depressing sensors and 
stroke sensors ire conventional components that are 
well known in the art. Since depressing force sensors 
ard stroke sensers are well known in the art, the de- 2s 
pressing fo-cc sensor 8 and the stroke sensor 9 will not 
be discussed or illustrated in detail herein. Moreover, 
the depressing force sensor 8 and the stroke sensor 9 
should include any structure that can be utilized to carry 
out the functions of the depressing sensor 8 and the 30 
stroke sensor 9 of the present invention. 
[001 4] The con:rol unit 4 preferably includes a micro- 
computer with a braking force control program that con- 
trols the motor 3 which in turn controls the braking force 
of the pads 1 against the rotor 2 and adjusts for wear in 35 
the pads 1 and the rotor 2, as discussed below. The con- 
trol unit 4 also preferably includes other conventional 
components such as an input interface circuit, an output 
interface circuit, calculation processing devices and 
storage devices such as a ROM (Read Only Memory) 40 
device and a RAM (Random Access Memory) device. 
The memory circuits store processing results and con- 
trol programs such as ones for the calculation process 
that is shown in Figure 2. In this manner, the microcom- 
puter of the control unit 4 controls the motor 3. The con- 45 
trol unit 4 is operatively coupled to the motor 3 in a con- 
ventional manner The control unit 4 is capable of selec- 
tively controlling any of the components of the if needed 
and/or desired. It will be apparent to those skilled in the 
art from this disclosure that the precise structure and so 
algorithms for control unit 4 can be any combination of 
hardware and software that will carry out the functions 
of the present invention. In other words, the control unit 
4 functions as a controlling device for carrying out the 
present invention. In view of the current state of the art, 55 
all "means plus function" clauses as utilized in the spec- 
ification and claims should include any structure or hard- 
ware and/or algorithm or software that can be utilized to 



carry out the function of the "means plus function" 
clause. 

[0015] Now, the calculation process for drive control- 
ling the motor 3 shown in Figure2 will be explained. This 
calculation process is performed as a timer interrupt 
process performed every predetermined period of time 
AT (for instance 10 msec). Although there is no sepa- 
rate step for communication in this flowchart, data ob- 
tained by calculation is always stored. The stored data 
is read by the control unit 4 as needed to carry out the 
present invention. 

[0016] During this calculation process , in step S 1 , the 
control unit 4 determines the status of the brake switch 
7 by checking the logical value of a brake switch signal 
S BRK received from the brake switch 7. When the brake 
switch signal S BRK has its logical value equal to "1", the 
brake switch 7 is in the ON state. If the brake switch 
signal S BRK has the logical value "1", then the braking 
force control program proceeds to step S2. Otherwise, 
the braking force control program returns to the main 
program. 

[0017] In the step S2, the control unit 4 receives sig- 
nals indicative of the motor electrical current value I, the 
pedal depressing force F, the pedal stroke S and the mo- 
tor displacement X from the various sensors 5, 8, 9 and 
10, respectively. Thus, the pedal depressing force F 
from the depressing force sensor 8 and the pedal stroke 
S from the stroke sensor 9 are read into memory of the 
control unit 4, based on each calculation process per- 
formed within the step S2. Also, the motor electrical cur- 
rent value I from the electrical current value sensor 5 
and the motor displacement X from the displacement 
sensor 10 are read into memory of the control unit 4, 
based on each calculation process performed within the 
step S2. Then, the braking force control program pro- 
ceeds to step S3. 

[001 8] In the step S3, a time differential value dF/dt of 
the pedal depressing force F is calculated from the pedal 
depressing force F that has been read in during the step 
S2, based on a calculation process performed within the 
step S3. Also : a time differential value dl/dt of the motor 
electrical current value I and a time differential value dX/ 
dt of the motor displacement X are calculated, based on 
each calculation process performed within the step S3 
using the values obtained from the sensors 5 and 10. 
Then, the braking force control program proceeds to 
step S4. 

[0019] In the step S4, the control unit 4 determines 
whether the pedal has been depressed and calculates 
the values of the pedal stroke S, the pedal depressing 
force F and the time differential value dF/dt of the pedal 
depressing force. Thus, the control unit 4 determines 
whether the pedal stroke S has a positive value, whether 
the pedal depressing force F has a positive value, and 
whether the time differential value dF/dt of the pedal de- 
pressing force is greater than "0", based on each calcu- 
lation process performed within the step S4 using the 
values obtained from the sensors 5, 8, 9 and 10. In this 
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manner, the control unit 4 determines whetherthe piston 
12 is currently moving In the direction to be pushed to- 
wards the rotor 2. If the piston 12 is being pushed to- 
wards the rotor 2, the braking force control program pro- 
ceeds to step S5. Otherwise, the braking force control 
program proceeds to step S6. 

[0020]' In the step S5, the control unit 4 determines 
whether or not the pads 1 and the rotor 2 are contacting 
each other, based on each calculation process per- 
formed within the step S5 using the values obtained 
from the sensors 5, 8, 9 and 10. If the pads 1 and the 
rotor 2 are not contacting each other, the braking force 
control program proceeds to step S7. Otherwise, the 
braking force control program proceeds to step S8. The 
initial contacting point determination of the pads 1 and 
the rotor 2 will be described in detail later. 
[0021] In step S7, a drive control signal is generated 
based on each calculation process performed within the 
step S7 using the values obtained from the sensors 5, 
8, 9 and 10. The drive control signal controls the motor 
3 at a constant speed, while the pads 1 and the piston 
1 2 move toward the rotor 2. Then, the braking force con- 
trol program returns to the main program. This constant 
speed control is set so as to correspond to the maximum 
speed of the motor 3. 

[0022] On the other hand, in the step S8, the motor 
displacement X at the time of detecting a contact be- 
tween the pads 1 and the rotor 2 is regarded as the initial 
contacting point of the pads 1 and the rotor 2, based on 
each calculation process performed within the step S8 
using the values obtained from the sensors 5, 8, 9 and 
10. Accordingly, the initial contacting point of the pads 
1 relative to the rotor 2 is regularly updated. Then, the 
braking force control program proceeds to step S9. 
[0023] In the step S9, the braking force is controlled. 
In other words, the drive control is performed in accord- 
ance with a control map shown in Figure 3, based on 
each calculation process performed within the step S9 
using the values obtained from the sensors 5, 8, 9 and 
10. The control map will be described later. Then, the 
braking force control program returns to the main pro- 
gram. 

[0024] In the step S6, the control unit 4 determines 
whether the pedal depressing force F read in during the 
step S2 is greater than a predetermined value, based 
on a calculation process performed within the step S6. 
In this manner, the control unit4 determines whether the 
braking force needs to be currently generated. In other 
words, it is determined whether braking force is needed. 
If a braking force is needed, the braking force control 
program proceeds to step S10. Otherwise, the braking 
force control program proceeds to step S11 . 
[0025] In the step S10, as in the step S9, the control 
unit 4 performs a drive control operation to the control 
of the braking force. This drive control operation of the 
braking force is performed based on each calculation 
process performed within the step in accordance with 
the control map in Figure 3 that uses the values obtained 



from the sensors 5, 8, 9 and 1 0. The control map of Fig- 
ure 3 will be described later. Then, the braking force con- 
trol program returns to the main program. 
[0026] In the step S 1 1 , a pads-rotor clearance secur- 
s ing control is performed based on each calculation proc- 
ess performed within the step. Then, the braking force 
control program returns to the main program. In this em- 
bodiment, the pads-rotor clearance securing control is 
a drive control operation of the motor 3 that returns the 

10 movable side the pad 1 and the piston 12 to the return 
end. The return end functions as the starting position of 
the motor 3 for the braking force control program. At the 
return end, there is a clearance between the pads 1 and 
the rotor 2, which is greater than a predetermined value. 

is [0027] Now, the control map of Figure 3 that is re- 
ferred to in the step S9 or the step S1 0 of the calculating 
process shown in Figure 2 will be explained. The left- 
half side of Figure 3 shows the relationship between the 
pedal depressing force F by the driver and the desired 

20 braking force that the driver wants. The right-hand side 
of Figure 3 shows the relationship between the motor 
displacement X and the braking force to be generated. 
Basically, the braking force and the motor displacement 
X of the motor 3, which moves the piston 12 in the afore- 

25 mentioned manner and pushes the pads 1 toward the 
rotor 2, satisfy a predetermined relationship determined 
by a caliper rigidity. Therefore, once the pedal depress- 
ing force F by the driver is obtained, the motor displace- 
ment X that achieves the requisite braking force is de- 

30 termined. By regarding the motor displacement X as a 
brake or motor displacement command value, a drive 
control operation signal that corresponds to the motor 
displacement command value is generated and output- 
ted. However, as described above, the pads 1 and pis- 

35 ton 12 are returned to the returning end point in each 
control operation. That is, a clearance is secured be- 
tween the pads 1 and the rotor 2 at the end of the braking 
cycle. The size of the clearance becomes greater as the 
pads 1 wear. Therefore, the position of motor displace- 

40 ment changes as the braking force is generated and as 
the braking force increases according to a predeter- 
mined relationship determined by the caliper rigidity. In 
other words, it is necessary to accurately detect the in- 
itial contacting point of the pads 1 and the rotor 2, and 

45 to adjust the motor displacement command value, 
based on the current relative positions of the pads 1 and 
the rotor 2. This portion of the braking force control ap- 
paratus functions as an adjustment device of the 
present invention. 

so [0028] The actual measurements of the motor dis- 
placement and the motor electrical current value are 
shown in Figure 4. In Figure 4, the process A is a proc- 
ess in which the clearance is being narrowed from the 
clearance at the returning end point. This portion corre- 

55 sponds to the step S7 of the calculation process shown 
in Figure 2. In this portion, the motor 3 is driven by the 
control unit 4 at a constant speed. At this time, the motor 
electrical current value I has a constant value that is 
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equivalent to the frictional resistance at each portion. 
Accordingly, the motor displacement increases sub- 
stantially at a constant rate. The process B in Figure 4 
is a process in which the pads 1 contact the rotor 2 and 
are further pushed to control the braking force therebe- 
tween. This portion corresponds to the step S9 in the 
calculation process shown in Figure 2. At this time, the 
motor displacement becomes smaller gradually as time 
passes. At the same time, the motor electrical current 
value becomes greater gradually. However, it is as- 
sumed that both of them increase in a substantially lin- 
ear manner. The process C in Figure 4 is a process in 
which the pads 1 are shifted from a pushing status to a 
returning direction. The process D is a process in which 
the pushing pressure of the pads 1 is gradually de- 
creased. These two processes correspond to the step 
S1 0 of the calculation process of Figure 2. Out of these 
processes, the process C changes the rotational direc- 
tion of the motor 3. Due to friction in each portion that 
has increased in response to an increase in the load, 
the motor displacement hardly changes. Only the motor 
electrical current value I decreases. In the process D f 
the motor displacement valve X decreases while the 
motor electrical current value I also decreases. Howev- 
er, the inclination of the decrease in the value obtained 
by dividing the motor electrical current value I with the 
motor displacement X is smaller than the inclination of 
the increase in the process B as an absolute value. In 
other words, the inclination of the decrease is less steep. 
This is due to the relationship between an opposite ro- 
tation transmission efficiency (transmission efficiency in 
the direction of separating the pads 1 apart from the ro- 
tor 2) and a normal rotational transmission efficiency 
(transmission efficiency in the direction of pushing the 
pads 1 toward the rotor2). In other words, the inclination 
of the decrease is a less steeper one. The process E in 
Figure 4 is a process in which the contact between the 
pads 1 and the rotor 2 has ended, and a clearance is 
secured by separating the pads 1 apart from the rotor 
2. This process corresponds to the step S1 1 of the cal- 
culation process shown in Figure 2. In this process, a 
constant motor electrical current value I runs in the di- 
rection opposite the direction of the aforementioned 
process A. This motor electrical current value I differs 
from the motor electrical current value I of the process 
A by a predetermined electrical current value. There- 
fore, the motor electrical current value I of the process 
A in the subsequent control can be estimated by at least 
adding this predetermined electrical current value to the 
motor electrical current value I of the process E in the 
preceding drive control operation. Additionally, there is 
only a slight difference between the inclinations in the 
process D and the process E. Therefore, it is difficult to 
detect the initial contacting point (more precisely, the 
contact ending position in this case) based on a manner 
in which the motor electrical current value I changes, as 
will be described later. Therefore, in this invention, the 
initial contacting point of the pads 1 and the rotor 2 is 



detected in between the aforementioned process A and 
process B. 

[0029] Figure 5 shows the motor electrical current val- 
ue I and the motor displacement X in the aforemen- 
5 tioned process A and process B, one next to the other 
in the time-series axis. As described above, the motor 
electrical current value I is almost constant in the proc- 
ess A. In the process B, since the motor electrical cur- 
rent value I starts increasing once the pads 1 and the 
10 rotor 2 contact each other, a predetermined threshold 
value (l 0 ) is determined, such that the predetermined 
threshold value l 0 is slightly greater than the constant 
motor electrical current value I in the process A. Then, 
the motor displacement X at which the motor electrical 
is current value I becomes equal to or greater than the pre- 
determined threshold value l 0 is determined as the initial 
contacting point of the pads 1 and the rotor 2. In order 
to accurately detect the initial contacting point of the 
pads 1 and the rotor 2 based on the change of the motor 
20 electrical current value I, the motor 3 should be driven 
at a constant speed in the process A so as to keep the 
motor electrical current value I in a stable state. Then, 
by detecting the initial contacting point of the pads 1 and 
the rotor 2, it is possible to perform a more precise brak- 
es ing force control. 

[0030] Since the pads 1 wear every time a drive con- 
trol operation is performed, the initial contacting point of 
the pads 1 and the rotor 2 always changes toward the 
side in which the motor displacement X is greater. In oth- 
30 er words, up to the initial contacting point of the pads 1 
and the rotor 2 detected in the preceding drive control 
operation, the pads 1 and the rotor 2 do not contact each 
other in the subsequent drive control operation. Also, as 
described above, the motor electrical current value I dur- 
35 ing the process E at the time of releasing the preceding 
drive control operation differs from the motor electrical 
current value I during the process A at the time of sub- 
sequent drive control operation by a predetermined 
electrical current value. Therefore, at the time of releas- 
ee ing the preceding drive control operation, the motor 
electrical current value I at the time when the pads 1 
separate apart from the rotor 2 is stored, while the motor 
displacementX is equal to orsmallerthan the initial con- 
tacting point of the pads 1 and the rotor 2 detected dur- 
« jng the preceding drive control operation. Then, the pre- 
determined threshold value l 0 is set as a sum of the mo- 
tor electrical current value I during the process A and in 
the subsequent drive control operation and the prede- 
termined electrical current value, such that the threshold 
50 value l 0 is slightly greater than the motor electrical cur- 
rent value I in the process A. Then, the motor displace- 
ment X at which the motor electrical current value I in 
the process A becomes equal to or greater than the pre- 
determined threshold value l 0 is determined as the initial 
55 contacting point of the pads 1 and the rotor 2. In this 
manner, the threshold value l 0 can be determined in ac- 
cordance with the most recent drive control operation. 
Therefore, it is possible to detect the initial contacting 
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point of the pads 1 and the rotor 2 even more precisely. 
Accordingly, it is possible to perform even more precise 
braking control. 

[0031] Similarly, in the subsequent drive control oper- 
ations, the pads 1 and the rotor 2 do not contact each 
other up to the initial contacting point of the pads 1 and 
the rotor 2 detected in the preceding drive control oper- 
ation. Accordingly, based on this theory, the motor elec- 
trical current value I is detected from the point where 
drive control operation of the motor 3 is started in order 
to push the pads 1 toward the rotor 2, until the initial 
contacting point of the pads 1 and the rotor 2 detected 
in the preceding drive control operation is reached. The 
predetermined threshold value is determined by adding 
a predetermined constant value to the motor electrical 
current value I so detected. In this way, the threshold 
value can be determined based on the current opera- 
tional state of the motor 3. Therefore, it is possible to 
detect the initial contacting poinl of the pads 1 and the 
rotor 2 even more accurately. Accordingly, it is possible 
to perform a more precise braking control. 
[0032] When the drive control operation is started 
from a state in which the motor 3 is stopped, a so-called 
starting current is generated. In other words, as shown 
in Figure 5, the aforementioned process A can be divid- 
ed into a process A 1§ during which the starting current 
is generated, and a process A 2> during which the motor 
electrical current value I becomes constant after the 
starting current is over. In the process A 1 , during which 
the starting current runs, the initial contacting point of 
the pads 1 and the rotor 2 cannot be detected based on 
the motor electrical current value I. The duration of time 
during whichthe starting current runs is determined by 
various factors of the motor 3. Therefore, the motor elec- 
trical current value I is ignored for a predetermined pe- 
riod of time after the drive control operation of the motor 
3 is started in order to push the pads 1 toward the rotor 
2. Thereafter, the initial contacting point of the pads 1 
and the rotor 2 should be detected based on the motor 
electrical current value I, preferably after the motor elec- 
trical current value I enters the constant period, in other 
words the process Ag. 

[0033] Next, other structures that detect the initial 
contacting point of the pads 1 and the rotor 2 will be 
explained. Figure 6 shows a time-series change of the 
time differential value di/dt of the motor electrical current 
value I within one drive control operation. In Figure 6, 
the processes A 1 , and A-E correspond to steps in 
Figure 4 and Figure 5. As described above, the motor 
electrical current value I remains constant in the process 
A (more precisely process A 2 ), while the motor electrical 
current value I increases linearly in the process B. 
Therefore, at the time of shifting from the process A to 
the process B, in other words at the initial contacting 
point of the pads I and the rotor 2, the time differential 
value of the motor electrical current value dl/dt increas- 
es in a rectangular manner. Therefore, the threshold val- 
ue dlo/dt can be set as the time differential value of the 



motor electrical current value dl/dt. Also, the motor dis- 
placement X at which the time differential vale of the mo- 
tor electrical current value dl/dt becomes equal to or 
greater than the threshold value dlo/dt can be deter- 
5 mined as the initial contacting point of the pads 1 and 
the rotor 2. Then : by detecting the initial contacting point 
of the pads 1 and the rotor 2 in this manner, and adjust- 
ing the motor displacement command value, in other 
words the brake command value, an accurate braking 
10 control becomes possible: Particularly, the time differ- 
ential value of the motor electrical current value dl/dt in- 
creases in a rectangular manner. Therefore, even if the 
threshold value dlo/dt is set as a relatively great value, 
as the pads 1 and the rotor 2 contact, the time differential 
*5 value of the motor electrical current value dl/dt exceeds 
the threshold value dlo/dt securely and quickly. There- 
fore, the initial contacting point of the pads 1 and the 
rotor 2 can be detected more accurately and quickly. 
[0034] In this case also, the pads 1 and the rotor 2 do 
not contact each other in the subsequent drive control 
operation until the initial contacting point of the pads 1 
and the rotor 2 detected in the preceding drive control 
operation is reached. The motor electrical current value 
I in the process E at the time of releasing the preceding 
drive control operation and the motor electrical current 
value I in the process A of the subsequent drive control 
operation are different by a predetermined electrical cur- 
rent value. Therefore, the time differential value dl/dt of 
the motor electrical current value at the time when the 
pads 1 separate apart from the rotor 2, while the motor 
displacement X is equal to or smallerthan the initial con- 
tacting point of the pads 1 and the rotor 2 detected in 
the preceding drive control operation, is stored at the 
time of releasing the preceding drive control operation. 
A predetermined threshold value dlo/dt is set as a sum 
of the time differential value dl/dt of the motor electrical 
current value and a predetermined value, such that the 
threshold value dlo/dt is greater than the estimated time 
differential value dl/dt of the motor electrical current val- 
ue in the process A of the subsequent drive control op- 
eration. Then, the initial contacting point of the pads 1 
and the rotor 2 is determined as the motor displacement 
X at the time when the time differential value dl/dt of the 
motor electrical current value in the process A of the 
subsequent drive control operation becomes equal to or 
greater than the predetermined threshold value dlo/dt. 
In this manner, the threshold value is set in accordance 
with the most recent drive control operation. Therefore, 
it is possible to detect the initial contacting point of the 
pads 1 and the rotor 2 even more precisely. Accordingly, 
an even more accurate braking control becomes possi- 
ble. 

[0035] Similarly, by virtue of the theory that the pads 
1 and the rotor 2 do not contact each other in the sub- 
sequent drive control operation until the pads 1 and the 
rotor 2 reach the initial contacting point of the pads 1 
and the rotor 2 detected in the preceding drive control 
operation, the predetermined threshold value dlo/dt can 
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be set by detecting the time differential value dl/dt of the 
motor electrical current value from the time when the 
drive control operation of the motor 3 is started in order 
to push the pads 1 toward the rotor 2 until the initial con- 
tacting point detected in the preceding drive control op- 
eration is reached, and by setting the predetermined 
threshold value dio/dt as a sum of the time differential 
value dl/dt of the motor electrical current value and a 
predetermined constant. In this manner, the threshold 
value can be set in accordance with the current opera- 
tional status of the motor 3. Therefore, it is possible to 
detect the initial contacting point of the pads 1 and the 
rotor 2 even more accurately. Therefore, it is possible to 
perform an even more accurate braking control. 
[0036] In this case also, the time differential value dl/ 
dt of the motor electrical current value should be ignored 
during the process , during which the aforementioned 
motor starting current is running. It is preferable to detect 
the initial contacting point of the pads 1 and the rotor 2 
after the time differential value dl/dt of the motor electri- 
cal current value enters a constant state, in other words 
the process A 2 

[0037] Next, another structure for detecting the initial 
contacting point of the pads 1 and the rotor 2 will now 
be explained. 

[0038] Figure 7 is a schematic view of the motor elec- 
trical current value I and the motor displacement X dur- 
ing a drive control operation shown in Figure 4. In the 
Figure 7, the processes A-E correspond to the process- 
es shown in the aforementioned Figure 4. As seen from 
Figure 7, when the process A and the process E are 
disregarded, each process has a different inclination of 
the motor electrical current value I with respect to the 
motor displacement. The value (=dl/dX) obtained by di- 
viding the time differential value dl/dt of the motor elec- 
trical current value with the time differential value dX/dt 
of the motor displacement will now be described. 
[0039] Figure 8 shows a time series change of the val- 
ue dl/dX during one drive control operation. The value 
dl/dX is obtained by dividing the time differential value 
of the motor electrical current value I with the time dif- 
ferential value of the motor displacement. In Figure 8, 
the processes A v A 2> and A-E correspond to the proc- 
esses in Figure 4 and Figure 5. As described above, dur- 
ing the process A (more precisely the process A 2 ), the 
motor electrical current value I is constant (that is, dl = 
0). During the process B, the motor electrical current val- 
ue I and the motor displacement X increase linearly at 
a constant rate. Therefore, the value dl/dX increases in 
a rectangular manner at the time of a shift from the proc- 
ess A to the process B, in other words at the initial con- 
tacting point of the pads I and the rotor 2. Therefore, the 
initial contacting point of the pads 1 and the rotor 2 can 
be obtained by setting the threshold value dl^dX as the 
value dl/dX, and determining the initial contacting point 
of the pads 1 and the rotor 2 as the motor displacement 
X at the time when the value dl/dX becomes equal to or 
greater than the threshold value dlo/dX. By so detecting 



the initial contacting point of the pads 1 and the rotor 2 
and adjusting the motor displacement command value, 
in other words the brake command value, an accurate 
braking control becomes possible. In particular, the val- 
5 ue dl/dX increases in a rectangular manner regardless 
of the level of the increase in the braking force, in other 
words the level of the increase in the motor electrical 
current value I. Therefore, even if the threshold value 
dl^dX is set as a relatively great value, the value dl/dX 
10 exceeds the threshold value d^dX certainly and quick- 
ly, when the pads 1 and the rotor 2 contact each other. 
Therefore, it is possible to detect the initial contacting 
point of the pads 1 and the rotor 2 accurately and quickly. 
[0040] In this case also, the pads 1 and the rotor 2 do 
15 not contact each other in the subsequent drive control 
operation until they reach the initial contacting point of 
the pads 1 and the rotor 2 detected In the preceding 
drive control operation. Also, the motor electrical current 
value I during the process E at the time the preceding 
drive control operation is released differs from the motor 
electrical current value I at the beginning of the process 
A of the subsequent drive control operation by a prede- 
termined electrical current value. Therefore, the value 
dl/dX at the time when the pads 1 separate apart from 
the rotor 2, while the motor displacement X is equal to 
or smaller than the initial contacting point of the pads 1 
and the rotor 2 detected in the preceding drive control 
operation, is stored at the time of releasing the preced- 
ing drive control operation. A predetermined threshold 
value dl^dX is set as a sum of the value dl/dX and a 
predetermined value, such that the threshold value dl</ 
dX is greater than the value dl/dX, which is obtained by 
dividing the estimated time differential value of the motor 
electrical current value I in the process A of the subse- 
quent drive control operation with the time differential 
value of the motor displacement. Then, the initial con- 
tacting point of the pads 1 and the rotor 2 is determined 
as the motor displacement X at the time when the value 
dl/dX in the process A of the subsequent drive control 
operation, becomes equal to or greater than the prede- 
termined threshold value dl^/dX. In this manner, the 
threshold value is set in accordance with the most recent 
drive control operation. Therefore, it is possible to detect 
the initial contacting point of the pads 1 and the rotor 2 
even more precisely. Accordingly, an even more accu- 
rate braking control becomes possible. 
[0041] In the case where the value dl/dX, which is ob- 
tained by dividing the time differential value of the motor 
electrical current value I with the time differential value 
of the motor displacement X, is utilized, the predeter- 
mined threshold value dlj/dX can also be set in the fol- 
lowing manner. That is, as described above, the pads 1 
inevitably wear with one drive control operation. There- 
fore, as seen in Figure 9, the N th drive control operation 
and the subsequent N+l* drive control operation have 
different initial contacting points (the initial contacting 
point becomes farther). Nonetheless, the initial contact- 
ing point of the pads 1 and the rotor 2 in the N+l^ drive 
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control operation is tno same as the contact ending po- 
sition (scparat on stnrtirg position) of the pads 1 and the 
rotor 2 in the preceding N/ ,h drive control operation. 
[0042] In o!ficr wo'ds no motor displacement that 
corresponds to ire wear o' the pads 1 during the drive 5 
control operation is absorbed by tie aforementioned 
process C in whef pusnmq of the pads 1 ends as de- 
scribed in Ihc c*DiHnation oi Figure 4. Therefore, the 
pads 1 hardly wch- m trc process D and thereafter. Ac- 
cordingly, the contact ending position of the pads 1 and 
the rotor 2 in the afcemcntioned process D of the N th 
drive control operat or, .s tno same as the initial contact- 
ing point of the p^-.as i *na the rotor 2 in the N+1 th drive 
control operation 

[0043] Referring b-*:* i- * rg^rc 7 now it has already 
been described t*w t»». imt**- contacting point of the 
pads 1 and the roto* . ir »r<- N"- 3n\c control operation 
is different trom ine n-iM' contacting pcmi of the pads 1 
and the rotor 2 in tru.- %• *^ jtwc comru operation. Sim- 
ilarly, the value d ox .r »»». N m dnve cuntiol operation 
is different from the v*iue a dXmthc N- i m drive control 
operation, wherein tnc v*toc di dX is obta ned by divid- 
ing the time different vituc of the motor electrical cur- 
rent value I with the t»mc oficrcrtmi value of the motor 
displacement X djnnq t^e process B m the drive control 
operation. Figure 10 snows the value di cX in the pre- 
ceding drive control operation Figure 10 also shows the 
value dl/dX in the suns./vnipni nrrvo control operation in 
time-series. In the Figure ^o tno processes A 1 , A 2 , and 
A-E correspond to the processes shown in Figure 4 and 
Figure 5. 

[0044] However, when the contact ending position of 
the pads 1 and the rotor 2 m the preceding drive control 
operation is the same as the initial contacting point of 
the pads 1 and the rotor 2 in the subsequent drive control 
operation, the value dl/dX obtained during the process 
D in the N th drive control operation and the value dl/dX 
obtained during the process B in the N + 1 th drive control 
operation are in the relationship of a ratio between the 
opposite rotational transmission rate and the normal ro- 
tational transmission rate of trc motor 3. Therefore, the 
value dl/dX obtained during the process B in the subse- 
quent drive control operation can be obtained by multi- 
plying the value dl/dX obtained dunng the process D in 
the preceding drive control operator wi:h the ratio of the 
transmission rate of the mctor 3 in the pushing direction 
relative to the transmission ra;e in the separating direc- 
tion. Therefore, by setting the predetermined dl^dX as 
a value that is equivalent to or slightly smaller than the 
value di/dX during the process B in the subsequent drive 
control operation, the initial contacting point of the pads 
1 and the rotor 2 during the process A of the subsequent 
drive control operation can be determined as the motor 
displacement X at the time when the value dl/dX be- 
comes equal to or greater than the predetermined 
threshold value dlo/dX. Inthts manner, the threshold val- 
ue is set in accordance with the most recent drive control 
operation. Therefore, it is possible to detect the initial 



contacting point of the pads 1 and the rotor 2 even more 
precisely. Accordingly, an even more accurate braking 
control becomes possible. 

[0045] Similarly, by virtue of the theory that the pads 
1 and the rotor 2 do not contact each other in the sub- 
sequent drive control operation until the pads 1 and the 
rotor 2 reach the initial contacting point of the pads 1 
and the rotor 2 detected in the preceding drive control 
operation, the predetermined threshold value dl^dX 
can be set by detecting the value dl/dX from the time 
the drive control operation of the motor 3 is started to 
push the pads 1 toward the rotor 2 until the initial con- 
tacting point of the pads 1 and the rotor 2 detected in 
the preceding drive control operation is reached, and by 
setting the threshold value dl^dX as a sum of the value 
dl/dX and a predetermined constant. In this manner, the 
threshold value can be set in accordance with the cur- 
rent operational status of the motor 3. Therefore, It is 
possible to detect the initial contacting point of the pads 

1 and the rotor 2 even more accurately. Therefore, it is 
possible to perform an even more accurate braking con- 
trol. 

[0046] In this case also, the value dl/dX should be ig- 
nored during the process A., , during which the afore- 
mentioned motor starting current is running. It is prefer- 
able to detect the initial contacting point of the pads 1 
and the rotor 2 after the value dl/dX enters a constant 
state, in other words the process Ag. 
[0047] As described above, the electrical current val- 
ue sensor 5 forms an electrical current value detection 
device and an operational status detection device of the 
present invention. Similarly, the displacement sensor 10 
forms a displacement detection device and an opera- 
tional status detection device. The step S7, step S9, 
step S1 0, and step S1 1 shown in the calculation process 
of Figure 2 form a brake command value setting device. 
The control unit 4 in Figure 1 forms a brake controlling 
device. The step S5 in the calculation process of Figure 

2 forms an initial contact position detection device. The 
step S8 in the calculation process of Figure 2 forms an 
adjustment device. 

[0048] Although the brake device itself is a disc brake 
in the aforementioned embodiments, the brake device 
is not limited to such case. The brake device itself can 
similarly be deployed as any other type of brake device. 
Furthermore, the driving device that pushes and sepa- 
rates the brake pad towards and apart from the brake 
rotor is not limited to a motor. Any device that can control 
the pushing force of the brake pad toward the brake rotor 
based on the magnitude of the electrical current value 
can be utilized. Also various calculation processing de- 
vices can be utilized instead of the microcomputer for 
the drive control device of the motor 3 or other driving 
device. 

[0049] The terms of degree such as "substantially", 
"about' and "approximately" as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. For ex- 
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ample, these terms can be construed as including a de- 
viation of at least ± 5% of the modified term if this devi- 
ation would not negate the meaning of the word it mod- 
ifies. 

[0050] This application claims priority to Japanese 
Patent Application No. 2000-269560. The entire disclo- 
sure of Japanese Patent Application No. 2000-269560 
is hereby incorporated herein by reference. 
[0051] While only selected embodiments have been 
chosen to illustrate the present invention, it will be ap- 
parent to those skilled in the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined in the appended claims. Furthermore, the forego- 
ing description of the embodiments according to the 
present invention are provided for illustration only, and 
not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. Thus, the 
scope of the invention is not limited to the disclosed em- 
bodiments. 



Claims 

1 . A braking force control apparatus comprising: 

a driving device (3) operatively configured to 
move a brake pad (1) towards and away from 
a brake rotor (2); 

an operational status detector (5, 10) arranged 
to detect an operational status of said driving 
device (3); 

an initial contact position detector arranged to 
detect an initial contacting point between the 
brake pad (1 ) and the brake rotor (2) based on 
said operational status of said driving device (3) 
detected by said operational status detector (5, 
10), when said driving device (3) moves the 
brake pad (1) toward the brake rotor (2), 
a brake control unit (4) operatively coupled to 
said driving device (3) and said operational sta- 
tus detector (5, 10) to control said driving de- 
vice (3), said brake control unit (4) including a 
brake command value setting portion that is 
configured to set a brake command value to 
control said driving device (3) based on a pedal 
operation amount, said brake control unit (4) in- 
cluding an adjustment portion configured to 
subsequently adjust said brake command val- 
ue based on said initial contacting point be- 
tween the brake pad (1 ) and the brake rotor (2) 
detected by said initial contact position detec- 
tor. 

2. The braking force control apparatus as set forth in 
claim 1 , wherein 

said brake command value setting mecha- 
nism drives said driving device (3) at a constant 



speed until said initial contact position detector de- 
tects said initial contacting point between the brake 
pad (1) and the brake rotor (2). 

5 3. The braking force control apparatus as set forth in 
claim 1 or 2, wherein 

said initial contact position detector ignores 
said operational status of said driving device (3) for 
a predetermined period of time after said brake con- 

io trol unit (4) starts driving said driving device (3) to 
move the brake pad (1) toward the brake rotor (2), 
said operational status being detected by said op- 
erational status detector (5, 1 0) to detect said initial 
contacting point between the brake pad (1 ) and the 

*5 brake rotor (2). 

4. The braking force control apparatus as set forth in 
one of claims 1 -3, wherein 

said driving device (3) is an electrically oper- 
20 ated motor. 

5. The braking force control apparatus as set forth in 
one of claims 1 -4, wherein 

said operational status detector (5, 10) in- 
25 eludes an electrical current value sensor (5) that is 
arranged to detect an electrical current value of said 
driving device (3) and a displacement sensor (1 0) 
that is arranged to detect a displacement value of 
said driving device (3). 

30 

6. The braking force control apparatus as set forth in 
claim 5, wherein 

said initial contact position detector detects 
said initial contacting point between the brake pad 

35 (1 ) and the brake rotor (2) as said displacement val- 
ue of said driving device (3) detected by said dis- 
placement sensor (10) when said electrical current 
value of said driving device (3) detected by said 
electrical current value sensor (5) becomes equal 

40 to or greater than a threshold value for detecting 
contact between the brake pad (1) and the brake 
rotor (2). 

7. The braking force control apparatus as set forth in 
45 claim 6, wherein 

said initial contact position detector sets said 
threshold value for a subsequent drive control op- 
eration based on said electrical current value of said 
driving device (3) occurring when the brake pad (1 ) 
50 separates apart from the brake rotor (2) and while 
said displacement value of said driving device (3) 
is equal to or smaller than said initial contacting 
point of the brake pad (1) and the brake rotor (2) 
detected in a preceding drive control operation. 

55 

8. The braking force control apparatus as set forth in 
claim 6, wherein 

said initial contact position detector sets said 
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threshold value for a subsequent drive control op- 
eration based on said electrical current value of said 
driving device (3) occurring when a preceding drive 
control operation of said driving device (3) starts to 
move the brake pad (1) toward the brake rotor (2) s 
until said initial contacting point between the brake 
pad (1 ) and the brake rotor (2) detected in said pre- 
ceding drive control operation is reached. 

9. The braking force control apparatus as set forth in 10 
claim 5, wherein 

said initial contact position detector detects 
said initial contacting point between the brake pad 
(1) and the brake rotor (2) as said displacement val- 
ue of said driving device (3) detected by said dis- is 
placement sensor (10) when a time differential val- 
ue of said electrical current value of said driving de- 
vice (3) detected by said electrical current value 
sensor becomes equal to or greater than a thresh- 
old value for detecting contact between the brake 20 
pad (1 ) and the brake rotor (2). 

10. The braking force control apparatus as set forth in 
claim 9, wherein 

said initial contact position detector sets said 25 
threshold value for a subsequent drive control op- 
eration based on said time differential value of said 
electrical current value of said driving device (3) oc- 
curring when the brake pad (1 ) separates apart from 
the brake rotor (2) and while said displacement val- 30 
ue of said driving device (3) is equal to or smaller 
than said initial contacting point of the brake pad (1 ) 
and the brake rotor (2) detected in a preceding drive 
control operation. 

35 

11. The braking force control apparatus as set forth in 
claim 9, wherein 

said initial contact position detector sets said 
threshold value for a subsequent drive control op- 
eration based on said time differential value of said *o 
electrical current value of said driving device (3) oc- 
curring when said drive control operation of said 
driving device (3) starts to move the brake pad (1) 
toward the brake rotor (2) until said initial contacting 
point of the brake pad (1) and the brake rotor (2) 45 
detected in a preceding drive control operation is 
reached. 

12. The braking force control apparatus as set forth in 
claim 5, wherein so 



said initial contact position detector detects 
said initial contacting point between the brake pad 
(1 ) and the brake rotor (2) as said displacement val- 
ue of said driving device (3) detected by said dis- 
placement sensor (10) when a value obtained by 
dividing a time differential value of said electrical 
current value of said driving device (3) detected by 
said electrical current value sensor (5) with a time 



differential value of said displacement value of said 
driving device (3) detected by said displacement 
sensor (10) becomes equal to or greater than a 
threshold value for detecting contact between the 
brake pad (1) and the brake rotor (2). 

13. The braking force control apparatus as set forth in 
claim 12, wherein 

said initial contact position detector sets said 
threshold value for a subsequent drive control op- 
eration based on said value obtained by dividing 
said time differential value of said electrical current 
value of said driving device (3) with said time differ- 
ential value of said displacement value of said driv- - 
ing device (3) occurring when the brake pad (1 ) sep- 
arates apart from the brake rotor (2) and while said 
displacement value of said driving device (3) is 
equal to or smaller than said initial contacting point 
of the brake pad (1 ) and the brake rotor (2) detected 
during a preceding drive control operation. 

14. The braking force control apparatus as set forth in 
claim 12, wherein 

said initial contact position detector sets said 
threshold value for a subsequent drive control op- 
eration based on a value obtained by multiplying a 
ratio of a transmission efficiency rate of said driving 
device (3) in an engaging direction relative to a 
transmission efficiency rate in a separating direc- 
tion, and said value obtained by dividing with said 
time differential value of said displacement value of 
said driving device (3) with said time differential val- 
ue of said electrical current value of said driving de- 
vice (3) immediately before the brake pad (1) sep- 
arates apart from the brake rotor (2) and while said 
displacement value of said driving device (3) is 
equal to or greater than said initial contacting point 
of the brake pad (1 ) and the brake rotor (2) detected 
during a preceding drive control operation. 

15. The braking force control apparatus as set forth in 
claim 12, wherein 

said initial contact position detector sets said 
threshold value based on said value obtained by di- 
viding said time differential value of said electrical 
current value of said driving device (3) with said time 
differential value of said displacement value of said 
driving device (3) occurring when said drive control 
operation of said driving device (3) starts to move 
the brake pad (1) toward the brake rotor (2) until 
said initial contacting point between the brake pad 
(1) and the brake rotor (2) is reached. 

16. A method of controlling a braking force of a braking 
device comprising: 

moving a brake pad (1 ) towards and away from 
a brake rotor (2) using a driving device (3); 
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dcooMnn an operational status of said driving 
device i 2 ) 

scttmq Drnke command value based on a 
pedal operation amount 

controii»nq saKJ dnvmq device (3) based on said 5 
brake co-nmand value 

dctec'mc an initial con*ac:ing point between 
said bra^c pad (1) and said brake rotor (2) 
bascc or saKJ operational status of said driving 
device i3 1 Dc»nq detected, when said driving 10 
device i :• i moves : he b rake pad ( 1 ) toward the 
brake roto* <?> and 

subsequent y adjustnq said brake command 
value based or sa»a initial contacting point of 
said fcrri^c pad { ^ i arc $a»c Drake rotor (2) be- 15 
ing detected 

17. The methoa hs scj torn m ctam 16 further com- 
prising 

opeiatmg *«><j an v »r g acvee (3) at a constant 20 
speed until detect »cr o» s-na mitia' contacting point 
between the Drake paa ji > and the brake rotor (2). 

18. The method as set forth m cI.iiti * 6 or 17, further 
comprising 25 

ignoring sa»d operational status of said driving 
device (3) for a prcaotcrmncd period of time after 
operating said d-rvno, i^virr (3i to move the brake 
pad (1) toward the brake rotor (?) and using said 
operational status :o detect said initial contacting 30 
point between the brake pad ( 1 ) and the brake rotor 
(2). 

19. The method as set 'orth in one of claims 16-18, fur- 
ther comprising 35 

using an electrical current value sensor (5) 
that is arranged to detect an electrical current value 
of said driving device (3) and a displacement sensor 
(10) that is arranged to detect a displacement value 
of said driving device (3) to determine said opera- 40 
tional status of saic drving cevice (3). 
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